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Abstract: This note presents a transla-
tion of a subset of the relational query
language SQL into the well known tuple
calculus. Roughly speaking, tuple calcu-
lus corresponds to first order predicate
calculus. The SQL subset is relationally
complete and represents a "relational
core” of the language. Nevertheless, our
translation is simple and elegant. There-
fore it is especially well suited as a be-
ginners course into the principles of a for-
mal definiton of SQL.
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1. Introduction

Several authors have studied the formal
semantics of the relational query lan-
guage SQL. In [CG 85] SQL is transla-
ted into relational algebra, [Bii 87] takes
special care of aggregate functions and
in [PBGG 89] a translation of SQL into
tuple calculus is proposed. A comprehen-
sive description and constructive criti-
cism of the SQL standard can be found
in [Da 87]. Nevertheless, up to now no
elegant proposal has appeared which es-
pecially allows to prove properties of the
SQL language easily. This is possible
within our approach.

But before discussing the details of the
translation we point out the need of for-
mal semantics by means of an example.
Consider the following simple cooking
book database (keys are underlined).
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RECIPE ( RName : string;
Ingred : string;
UsedQuantity : real )

STORE ( Ingred : string;
StoreQuantity : real )

ORIGIN ( RName : string;
Country : string )

Let us now look at a typical SQL query
looking for some recipes using garlic.

SELECT r.RName
FROM RECIPE r
WHERE r.Ingred='garlic’ AND
r.UsedQuantity >
ANY ( SELECT r'.UsedQuantity
FROM RECIPE r',
ORIGIN o
WHERE r'.RName=o0.RName AND
o.Country="italy’ AND
r'.Ingred="garlic’' )

The subquery computes all garlic quan-
tities in [talian recipes. Therefore, the
SQL keywords suggest that the query
performs the following task: "Select rec-
ipes which use more garlic than any Ital-
ian recipe.”

In usual colloquial English it is under-
stood that these are recipes using more
garlic than the quantity of garlic used
in every [talian recipe, i.e., more than
the maximal quantity. But a look at the
formal semantics shows that the SQL
query does not do this job:

SIGMOD RECORD, Vol. 19, No. 1, March 1990



{ res : (Res,) |
3 r:RECIPE
res.Res;=r.RName a
r.Ingred="gralic' a
3 r':RECIPE
(3 o:ORIGIN
r'RName=0.RName a
o.Country='italy’ a
r'.Ingred='garlic') -
A r.UsedQuantity>r'.UsedQuantity }

The formula now points out that the
SQL query finds recipes which use more
garlic than at least one Italian recipe or
in other words recipes which use more
garlic than the minimal quantity of gar-
lic in Italian recipes. In fact, a similar
query to the above one together with
the "wrong" description in colloquial Eng-
lish can be found in IBM manuals for
SQL [Da 87]. Thus, it is desirable to for-
mally define the semantics of SQL as a
basis for implementations. On the other
hand, a formal definiton can also be em-
ployed to prove the equivalence of que-
ries thus making formally well founded
optimization techniques even more attrac-
tive. Furthermore, one can point out pro-
perties of the SQL language.

2. Tuple calculus and SQL

We describe the syntax of our versions
of tuple calculus and SQL with syntax
diagrams. The semantics of tuple calcu-
lus can be found in [Ma 83]; the seman-
tics of SQL is subject to this note and
studied in chapter 3. Both, tuple calcu-
lus and SQL involve terms ( consist-
ing of tuple variables and attribute
names or constants ) and com-
parison operators
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As mentioned before, our version of tuple
calculus corresponds to first order predi-
cate calculus. The qualifying formula
of the tuple calculus query has
exactly one free variable, namely the spec-
ified tuple variable whose struc-
ture is determined by various attribute

names [AN]. [RN]| stands for the name

of a relation.
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Our SQL queries take into ac-
count that subqueries can be built via the
operators EXISTS, ALL, ANY and IN
specified in the search condition [SC].
The operator UNION is allowed only on
the top level. generates these
queries.

short for
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SQLQ short for
SELECT
)

L@ROM)—I-»( RN |—y Tv)]-
e
' Y

E(WHEREHsc}————
short for [ UnionQuery |
SQLQ —
UNION
short for { SearchCondition]
7 [Op—{T

The nonterminals | TV|,|{ AN|, | RN| and
are left unspecified. Additionally, pa-
renthesis may be omitted in accordance
with the usual rules and the tuple cal-
culus also employs implication = with the
usual semantics.

3. The translation

There are several general requirements
the SQL queries have to fulfill (1, 1
and 15 stand for terms and ¢, ¢, and ¢,
for formulas):
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¢ We assume that the given SQL query
"SELECT 14, ... , T, FROM Ry sy, ... ,
Rm Sm WHERE 9" and all subqueries
are qualified completely via explicitly
declared tuple variables: If there are
references to an attribute A, in a re-
sult term 1; or in the formula ¢, they
are of the form s,.A;, where s, is de-
clared in the FROM clause (or in the
case of a subquery perhaps in the
FROM part of an outer query) and A
is an attribute of the corresponding
relation schema R,. The names of the
tuple variables must be unique (izj >
sy#sy) and must be declared only once.
The result terms as well as the for-
mula ¢ use only declared tuple varia-
bles.

e Additionally, the result terms t; may
be constants c;. The result variable of
the tuple calculus expression must be
different from all declared variables
in the query.

e If terms are compared with an opera-
tor like "1y w 13" or "ty w ALL ( SELECT
12 FROM ... WHERE ... )", then 1; and
1o have the same data type. For a
UNION expression we assume t; and
1,/ have the same data type for iel..n.

The translation is now done by defining

a function sq/2te, which gives for every

SQL expression the corresponding tuple

calculus one.

sq/2tc [ SELECT 14, ... , T4
FROM Ry sy, ... , Ry S
WHERE ¢ ]| :=
{r:(Resq ..., Resy ) |

( 3 SIZRI » see o Sm:an )
( r.Resy = T4 A ... A r.Res, = 1,

Asql2tel ¢ 1)}

sqi2tc [ ( NOT ¢ ) ] :=
(-~ sq2tc ¢ 1)
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sq’ZtC[[(‘«PIAND‘Pz)]]:=
(sgi2tc L o1 1 A sqi2tc T ¢, 1)

sqi2tc [ ( ¢y OR 95 ) 11 :=
(sgi2tcl o0 I v sqgl2tc T o5 1)

sqi2tc [ 14 0w 3 I =1 w 15

sqgi2tc [ © v ALL
( SELECT s.A
FROM Ry s4,....R; 54yeeesRpy Sm
WHERE ¢ ) J] :=
(Vsi:Ry)
(((3SI:RI""'sl—l:Rl-l'slﬂ-l:Ri*l'""sm:Rm)
sg2tc[ ¢ 1) > 1 0 s.A)

sgi2te [ 1 © ANY
( SELECT s.A
FROM Rl Sl,...,R.‘ sl""’Rm Sm
WHERE ¢ ) J] :=
(3s::R)
(((3s4:Ry,...,S1-1: R4 1,St+1: R gseeesSmiRiy)
sqi2tcl ¢ 1) a1t 0 si.A)

sqi2te [ * IN
( SELECT s.A
FROM Ry s4,....R; 5400..R ey St
WHERE ¢ ) ] :=
(Isi:Ry
((3sq:Ry,ee.uS4-1: R4 1,5541:Riv 1S mRem)
sgi2te [ ¢ 1) a1 =5,.A)

sqi2tc [ EXISTS

( SELECT ry.Ay, ... , rp.A,
FROM Rl S1y o0 R.rn Sm
WHERE ¢ ) ]J] :=

(Isy:Ry,.cc.5m:Ry) sql2te [ ¢ T
sql2te [[ SELECT 14, ... , 1
FROM Ry sy, ... , Ry 5y
WHERE ¢
UNION

SELECT 1, ... , 1’

FROM Ry sy, ... , Ry’ si'

WHERE ¢’ ]] :=

{r:(Resy ..., Resy) |
(3 sgRy, wee s SRy )
(rRes; = 1y A ... A r.Res, = 1,
A sqi2tcll ¢ 1)
v
(3 s¢"Ry', .o, s:RE')
(r.Res; = 1y A ... A rRes, = 1,
nsq2tel ¢ 1)}

The rule for UNION can be generalized
to the case with more than 2 operands.
All used tuple variables are of the form
r:R; therefore we only employ safe ex-
pressions [Ma 83].

4. Some Laws

On the basis of a formally defined lan-
guage it is now possible to state proper-
ties of the language. Here are some laws
which can be proved formally.

Theorem:
(I 1ty IN ( SELECT 1,
FROM o
WHERE ¢ ) ©
1y = ANY ( SELECT 1,
FROM o
WHERE o )
(IN NOT ( 1y v ALL ( SELECT 1,

FROM o
WHERE ¢ ) ) &
1, ® ANY ( SELECT 1,
FROM o
WHERE ¢ )
(IID 7ty w ANY ( SELECT 1,
FROM o
WHERE ¢ ) &
EXISTS ( SELECT 1(p)
FROM o
WHERE (¢) AND 11 © 15 )
(IV)1, @ ALL ( SELECT 1,
FROM o
WHERE ¢ ) &
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NOT EXISTS ( SELECT 1(p)
FROM o
WHERE (¢) AND
10 1)
In law () © is the negation of w, e.g.
< := > In law (III) and AV) t(p) refers
to all attributes occuring in p. We assume

p = Rl Sqy eee Rm Sm-

Proof: We assume Py = s:Ry, ...
Si+1:Rie1 + v v SR
() sq/2te [[ vy IN ( SELECT 1,
FROM o
WHERE o ) ] &
(3 seRy) (((3¢g)
sg2te L o 1) Aty =1,) &
sqgi2te [[ t; = ANY ( SELECT 1,
FROM o
WHERE ¢ ) ]
(1IN sqi2te [[ NOT ( 7y w
ALL ( SELECT 1,
FROM o
WHERE 9o ) ) J ©
(VY sgRy) (3 pg)
sqetc [ ¢ 1) > 1y 0 15) &
(CVY sgRy) ((V gg)
~sq2te[ o ) vyowrn)e
((VY seRy) (V)
(-vsqIch[[q)]]v‘qwtz))@
(3 seRy) (3 g) '
(sgtell o Tryoi,)e
sqgi2te [[ 1, © ANY ( SELECT 1,
FROM o
WHERE ¢ ) ]]
(IlI) and (IV) can be proved analog-
ously. q.e.d.

» S1-1: Ry,

F)

4

4

After looking at the equivalent, but lon-
ger translation from SQL to tuple calcu-
lus described in [PBGG 89], we found it
worthwhile to publish our translation.
Indeed, it has already been presented in
a course on databases at the Technical
University Braunschweig in 1987 [Go 87].
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The SQL subset considered here does not
take into account aggregation (e.g.
COUNT, AVG, etc.) nor grouping fea-
tures (e.g. GROUP BY, HAVING, etc.).
These SQL language features will be dis-
cussed in a forthcoming paper.
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